INTRODUCTION
The respiratory insufficiency which usually accompL ies clinical F gram-negative bacterei.ic shock remains a poorly understood but often lethal I [complication (11). In animals subjected to endotoxin shock, the pulmonary changes reported include increased pulmonary vascular resistance and abnormal ventilation/perfusion ratios (5) . Microscopically in dogs or prirata±s, pulmonary edema, hemorrhage, platelet microemboli, vascular endothelial I damage, sequestration of leukocytes, and alveolar cell necrosis have been observed (19) .
Selective studies of the vascular bed of the limb after exposur2 to endotoxin show increased capillary permeability (7, 17) . Since this abnormality may play a role in the pathogenesis of lung damage by permitting losses of fluids, electrolytes, and proteins into the interstitium, this study was undertaken to determine chaiges in pulmonary capillary permeiK ability using a modified technic of isogravimetric perfusion of the lung. Thoracotomy was performed on 24 healthy adult mongrel dogs of either sex which had been screened for Dirofilaria immitis. The animals were anesthetized with sodium pentobarbital (30 mg/kg in normal animals; 10 mg/kg in shocked animals) and a cuffed endotracheal tube inserted. One femoral artery was inulated and the dog heparinized (200 units/kg), after which 800 -1000 cc l1 of blood was coilected and filtered through a fine Teflon mesh. At the same time, the lower lobe of the left lung was excised and weighed, and polyethylene cannuli inserted into the pulmonary artery, vein and bronchus. The lobe was wrapped in a small plastic bag to prevent drying and then was placed on a supporting tray so that the pulmonary vein was uppermost in order to prevent torsion (Figure 1 ). The supporting tray was attached to a straingauge balance (7) for continuous measurement of lobe weight. The polyethylene cannuli inserted in the arterial and venous lives were advanced to the orifices of their respective vessels. The reference point for these pressures was taken at the level of the pulmonary vein. All pressures were recorded on an oscillograph by means of a single Statham P23Db pressure transducer.
Venous resistance to flow was regulated by a screw clamp and venous return to a 250 ml. graduated burette was circulated through a disc deoxygenator primed with autologous blood from the donor dog. Temperature of the perfusate was maintained at 36-370 C by heat exchanger and monitored continuously by thermister probe. A mixture of 95% nitrogen and 5% carbon dioxide was used in the deoxygenator at a flow rate of 3 1/min. Blood was returned from the deoxygenator to the pulmonary artery by means of a calibrated occlusive roller pump.
The lobe was ventilated by means of a Harvard respirator using ambient air at a constant volume of 4 cc/gram lobe weight and a constant rate of ten cycles/min. Intrabronchial pressures were monitored by means of a salinefilled, graduated U-tube. Blood gas determinations and pH were obtained in some preparations on sarples from the arterial and venous cannulae.
After excision of the lobe, blood flow was restored within 5-7 minutes at low levels (100 cc/min.) and the preparation allowed to stabilize. Venous pressure was increased by the screw clamp in inciements of 1-2 mm. Hg. while increases in lobe weight were observed carefully. This process was continued until the highest venous pressure had been achieved which did not produce a continuous gain in weight. This was recorded as a first in a series of "isogravimetric" points. Subsequent points were taken by altering venous resistance and blood flow inversely in such a manner that the lobe maintained a steady weight equal to that of the first isogravimetric point. After several Jsuch points had been eszablished, and while the preparation was at an isogravimetric point, the arterial and venous lines were occluded simultaneously by clamps. Within two seconds the arterial and venous pressures had equilibrated ari thus were equal to the pressure within the pulmonary capillaries. This was designated as the isogravimetric capillary pressure (Pci). Several such pressures ac zero flow were recorded during the course of a two hour perfusion ( Figure 2 ). Immediately following perfusion the lobes were weighed and biopsy specimens obtained for light and electron microscopy. Adjacent lung tissue was used for pulmonary surfactant assay determined by the surfactometer and quantitated on the basis of hysteresis loop area as reported previously (4).
ValuLs less than 1.5 inches (2) were assumed to be abnormal on the basis of probability of normality .025.
Three groups of dogs were utilized in the study. Group I consisted of lungs from six normal dogs for which normal isogravimetric curves were established after which endotoxin was added to the perfusate. 
RESULTS
The mean isogravimetric capillary pressures for the normal control (Group III) and the endotoxin shock survivors (Group II) were 5.9 + 0.2 mm.
Hg. (SEM) and 7.4 + 0.7 mm. Hg., respectively ( Figure 3 ). The small but significant difference between these values (P<0.05) was not observed when the normal control was compared to Group I in which endotoxin was added to the perfusate of otherwise normal lung (Table I) . 
PATHOLOGY
In the control lungs perfused for 2-3 hours, only focal areas of atelectasis were seen. Some pulmonary artery branches accompanying the respiratory bronchioles showed an accumulation of red blood cells in the adventitial coat.
Sections stained with PAS showed occasional stained cells along the septal wall which were normal in distribution.
In the dogs receiving encotoxin during perfusion, (Group I) atelectatic areas were noted which seemed to radiate around alveolar ducts. There was an increase in thickness of the alveolar capillary walls and pre-arteriolar In Group II both atelectasis and focal areas of pulmonary edema were observed. Postcapillary venules were more cingested and dilated in this group. In one of the animals, thrombi consisting of fibrin, leukocytes
and red blood cells were demonstrated, but this finding was not observed in any of the other animals. PAS positive material in polymorphonuclear leukocytes was found abundantly in all animals in this group (Figure 8 ).
On electron microscopy, the control perfused lungs in Group III showed some capillary ectasia. The only pathologic finding of the endothelium was an occasonsl bleb due to cytoplasmic edema. There was no congestion of polymorphonuclear leukocyres or platelets within the capillary spaces. The alveolar type I and type II cells were within normal limits.
In Group I after endotoxin, both platelets and polymorphonuclear leukocytes were seen within capillaries and the endothelial lining was quite attenuated without rupture ( Figure 9 ). Ther,. was marked edema of the pervascular space with separation of reticular and collagen fibers. Marked widening of the alveolar capillary wall was evident. Type I alveolar cells Rhowed no significant change but type II cells .1howed degenerative fatty vacuoles within the cytoplasm.
Iu Group II the capillaries contained abundant polymorphonuclear leukocytes, scattered strands nf fibrin, and platelets. Within the cytoplasm of tht :eukocvies, a rarked decreaae of lysosome granules was noted. Osmiophilic granules resembling glycogen which were diastas--susceptible at the light microscopic level, were greatly increased within the cytoplasm (Figure 10 ).
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[Leukocytes were seen in intravascular, perivascular, and alveolar spaces.
The capillary endothelium was attenuated but intact, and edematous changes were noted in the perivascular cpaces. The alveolar Type I epithelium showed severe edema with occasional loss of continuity of this lining layer.
Within the type II cells, the cytoplasm was markedly vacuolated, and the 1'microvilli were bl,!nted.
VDISCUSSION
Since isogravimetriL -apillary pressure varies inversely with capillary permeability, it can be used as an index of the integrity of the capillary membrane. The observcd decrease in pulmonary capillary permeability in canine endotoxin survivo-s is in marked contrast to observations made in peripheral beds where endotoxin increased capillary permeability (7, 17) .
It is possible that the combination of low pressure and high flow made the lung vasculature "privileged" in terms of susceptibility to endotoxin damage. Phagocytosis has been shown to cause lysis of specific granules in leukocytes (9) however, endotoxin alone has not been felt to cause degranulation of poiymorphonuclear leukocytes. Several investigators havu ,hown that endotoxin exerts a labilIzing effect upon lysosomes (10, 20) and in this study a loss of lysosomal granules was observed in leukocytes sequestered in alveolar capillary vessels. The finding of granular material ultrastructurally resembling glycogen has not been previously described, although the release of glycogen from hepatic cells after endotoxemia has been documented (2) . It was originally assumed that the neutrophils had phagoc,tized glycogen released from the liver, but in Group I in which the lungs were isolated from hepatic circulation, this same accumulation was seen frequently. Rubenstein et al (16) using an immunoflourescence technique, demonstrated endotoxin within the cytoplasm of neutrophils sequestered in pulmonary capillaries. They described The slight but significant increase in isogravimetriL capillary pressure observed in the endotoxin survivors was not observed when endotoxin was added to the perfusate of a normal lung.
PCi, isogravimetric capillary pressure. Pulmonary arterial or precapillary resistance shows a significant increase at flows of 500 to 600 cubic centimeters per 100 grams of lung which is an exaggeration of the normal pattern as seen in Figure 6 . Q, blood flow. ...;
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